Introduction {#S0001}
============

Myopia is considered to be a major global public health issue because, if not fully corrected (uncorrected or under-corrected myopia), myopia contributes to major cause of visual impairment.[@CIT0001] Moreover, high myopia is associated with other progressive eye disabilities including retinal detachment, glaucoma, cataract, optic disk changes, and maculopathy.[@CIT0002],[@CIT0003] As such, uncorrected myopia has an enormous impact on society in relation to education and the economy.[@CIT0004],[@CIT0005] The prevalence of myopia varies widely according to the region in the world, such that relatively low prevalence was reported in Africa, whereas higher prevalence was reported in Asia.[@CIT0006] Myopia is considered an epidemic in East and Southeast Asia, where prevalence reaches approximately 80--90% in young adults in developed countries, such as China, Singapore, Taiwan, Korea and Japan.[@CIT0001] Globally, the prevalence of myopia was estimated at 28.3% in 2010 and is expected to increase to 50% by 2050.[@CIT0006]

At present, mechanisms underlying myopia are not clearly understood, although myopia is considered to be caused by interactions between genetic and environmental factors.[@CIT0007],[@CIT0008] Genes associated with myopia have been reported,[@CIT0009] but the effect of these on the development of myopia was larger among people with higher education.[@CIT0010] In children, associated environmental factors include the increased near work and decreased time spent outdoors that often result due to pressure for high educational attainment.[@CIT0008],[@CIT0011],[@CIT0012] When myopia occurs at an earlier age, there is a significantly higher probability of developing higher-degree myopia as an adult.[@CIT0003] Myopia is also known to be associated with region and community type, as myopia prevalence is likely higher in urban areas than in rural areas.[@CIT0006] While not completely understood, urbanization leads to changes in human life that influence time spent performing near-work and outdoor activities that relate to myopia.[@CIT0013],[@CIT0014] Given the current knowledge about risk factors for myopia, studies conducted in areas that are rural but in the process of urbanization are needed in order to provide evidence for early myopia intervention for children in the future.

Refractive errors, including myopia, are one of the top public health concerns in Vietnam.[@CIT0015],[@CIT0016] To address this issue, the Government of Vietnam approved the Vietnam's National Prevention of Blindness Strategic Plan Towards 2020 and Vision 2030.[@CIT0016] However, relatively few publications related to refractive errors (including myopia) from Vietnam exist,[@CIT0015],[@CIT0017],[@CIT0018] including with regards to myopia in school-aged patients in rural areas and especially in areas with incipient urbanization. Given the scarcity of studies in Vietnam that focus on myopia, the development of more effective public health policies is inhibited. Thus, this study aims to assess the prevalence of myopia and associated factors among secondary school children in a rural area in Vietnam.

Methods {#S0002}
=======

Study Design and Setting {#S0002-S2001}
------------------------

A school-based cross-sectional study of children in grades six to nine was conducted in four secondary schools in Hoang Mai town, Nghe An Province, Vietnam, during December 2018 and January 2019. Hoang Mai lies in the North Central Coast region of Vietnam, approximately 200 km south of Hanoi. The town has a population of 111,000 and the main occupations are fishing, aquaculture, and agriculture, although economic development and urbanization have been rapid in recent years. Hoang Mai town had ten public secondary schools with approximately 7000 children, and there were no private schools. Regular class hours were the same in all schools.

We adapted the Refractive Error Study in Children (RESC) protocol to implement a study that focused solely on myopia.[@CIT0019] Based on a cross-sectional study, a case--control study was conducted to explore factors associated with myopia, where children with myopia were considered to be cases, and children without myopia were considered to be controls. Each case was matched with a control based on school, class, grade, and sex.

Sample Size and Sampling {#S0002-S2002}
------------------------

We calculated the sample size according to the RESC protocol method for estimating a population proportion with a specified relative precision.[@CIT0019] Before the study, we conducted a pilot study with 100 children in grade six in another un-selected secondary school for evaluation of questionnaires. The sample size was estimated for a grade-specific prevalence of myopia of 15% (from the pilot study) with a relative precision of 0.3. We used a 0.05 significance level and an anticipated absenteeism and nonparticipation rate of 10%. Thus, after adjusting for a design effect of two, we estimated a minimum sample size per grade of 484 children, indicating a total required sample size of at least 1936 children. As living conditions in the survey area are relatively homogenous, we did not stratify according to socioeconomic status. Cluster size was equal to the average number of students per class (40 students). According to the estimated minimum sample size, we thus required approximately 48 classes (12 classes per grade). Using the list of ten secondary schools in Hoang Mai, we randomly selected four secondary schools (four of ten schools) for our study. All children in the class were invited to participate in the study. In some cases, we recruited children from other classes of the same grade (starting from the first child in the class register) if the enrollment in a class was less than 40 students in order to satisfy sample size requirements. We applied stratified cluster sampling in our study with four strata per grade. The distribution of students by grade per school was the same, and an equal number of classes were selected per grade. The proportion of students in each selected school dictated the number of classes corresponding to that proportion. Therefore, the randomly selected classes in a single grade from a specific school ranged from two to four classes. A total of 2153 children was enrolled in the study, of whom 1987 with complete information were included in the analysis, thus accounting for 28.6% of children studying in secondary schools in Hoang Mai town.

For the case--control study, we calculated an appropriate sample size using the equation estimating a population proportion with specified relative precision proposed by the World Health Organization.[@CIT0020] We used anticipated probabilities of myopic and non-myopic children spending two or more hours outdoors daily of 30% and 50%, respectively, a significance level of 0.05, and a relative precision of 30%. As such, the minimum sample size required was 265 children for each case and control group. In this study, we detected 282 myopic children, of which 265 (all with complete information) were enrolled. The selected 265 myopic children were matched with 265 non-myopic children by school, class, grade, and sex.

Variables {#S0002-S2003}
---------

The main outcome variable in this study was myopia status, defined as a spherical equivalent objective refractive error of −0.50 D or worse in either eye.[@CIT0021] The spherical equivalent was estimated as the sum of the sphere power with half of the cylinder power. Independent variables included age (years), sex (male or female), and grade (six to nine). In addition, other variables included the number of hours that children spent at school or home along with indoor and outdoor activities (such as reading, using computers, watching television, playing sports, etc.). Time spent per activity was estimated and recorded as 0 hours ("not at all"), 0.5 hours (if responded as "less than one hour"), 1 hour, or in hourly increments thereafter. Time spent per activity was estimated for a typical week day and weekend day. Six days per week were considered to be week days (Monday through Saturday), so values for typical week day activity times were multiplied by six and added to weekend hours to estimate total weekly times. Other variables relating to reading behaviors were physical distance from near work (≥30 cm or \<30 cm) and the occurrence of breaks after 30 minutes of continuous reading (yes or no). In addition, parental data, including the mother's educational attainment (primary school or less, secondary school, high school, or college/university), parental spectacle use, and household durable assets (as an estimation of household socioeconomic status).

Data Collection and Ocular Examination {#S0002-S2004}
--------------------------------------

Class (cluster) enumeration was adapted from the RESC protocol, and data including name, age, sex, parent/guardian name, and contact information were collected.[@CIT0019] We established a data collection team including one experienced ophthalmologist, one refractionist, two ophthalmic nurses, and ten nurses (who conducted interviews). The study team was trained for three days on how to conduct ocular examinations and perform interviews.

Ocular examination included measurements of visual acuity, cycloplegic dilation, cycloplegic autorefraction, and subjective refraction. An ophthalmic nurse measured visual acuity at four meters using a retroilluminated logarithm of the minimum angle of resolution (LogMAR) chart with tumbling E optotypes (Precision Vision, La Salle, IL, USA). Children unable to read the top line at four meters were moved to a distance of one meter. Presenting visual acuity was measured in the right eye and then the left eye for all children. Children presenting with spectacles were measured both with (presenting visual acuity) and without their spectacles (uncorrected visual acuity). Pupillary dilation and cycloplegia were performed when unaided visual acuity measured 6/12 or worse in either eye. Cycloplegia was performed with one drop of topical anesthetic in both eyes (Alcain-proparacaine hydrochloride 0.5%, Alcon, Puurs, Belgium) followed by a two-minute wait to allow ocular surface anesthesia. Two drops of 1% cyclopentolate (Cyclogyl- cyclopentolate hydrochloride 1%, Alcon, Puurs, Belgium) were then administered 5 minutes apart per eye. A third drop was administered if a pupillary light reflex was still present after 15 minutes. Full dilation was defined as 6 mm or greater pupil diameter, and cycloplegia was determined as the absence of pupillary light reflex. Cycloplegic dilation was performed by a refractionist. Cycloplegic refraction was measured with an autorefractor (Grand Seiko 3300K, Shigiya Machinery Works, Hiroshima, Japan) by an ophthalmologist. Further diagnostic assessment or treatment consultations were also provided, and children were referred to the hospital or clinic nearest their home as needed. Subjective refraction was performed by refractionists for children with uncorrected visual acuity of 6/12 or worse in either eye one week later, and children improving with refractive correction were provided with free spectacles.

The questionnaire from a previous study in Ba Ria-Vung Tau province in Vietnam was adapted for collecting information about factors associated with myopia (including time that children spent at school or home along with indoor and outdoor activities for a typical week day and weekend day),[@CIT0018] and the selected myopic and non-myopic children were interviewed according to these pre-designed questionnaires. The interview team of ten nurses conducted all interviews with children, and also interviewed children's parents or guardians by telephone to collect parental and durable household asset data.

Measurement of Socioeconomic Status {#S0002-S2005}
-----------------------------------

The wealth asset index was used as a proxy for household socioeconomic status and was constructed using principal component analysis (PCA).[@CIT0022] Socioeconomic status was estimated only for those households with children who participated in the case--control study and was derived from reported presence of televisions, telephones, mobile phones, refrigerators, beds, sofas, fans, air conditioners, computers, internet access, washing machines, tractors, motorbikes, cars, and boats. Those variables present at less than 5% or greater than 95% were excluded. Factors with eigenvalues greater than 1 were used for extraction in PCA, and varimax (orthogonal) rotation was applied to improve component interpretation. Households were assigned a wealth asset score, ranked from the poorest to the richest, and assigned to wealth asset quintiles.

Data Analysis {#S0002-S2006}
-------------

Data entry was completed using EpiData software 3.1 (The EpiData Association, Odense, Denmark) followed by data cleaning and statistical analyses with STATA 14.0 (Stata Corp, College Station, TX, USA). Quantitative data were presented as means and standard deviations, while qualitative data were presented as absolute values and percentages. To compare between two groups, Student's t-tests were used for quantitative variables, and Chi-square tests were used for qualitative variables. Univariate and multivariate logistic regression analyses were conducted to explore potential associations between myopia and relevant factors. Marginal effect analysis was performed on the multivariate logistic regression model to predict the probability of myopia and the marginal effect of the time spent performing outdoor activities weekly. Statistical significance was estimated using p-values less than 0.05.

Results {#S0003}
=======

A total of 1987 children aged 12 to 16 years (equivalent to grades six through nine) were included in the study. The non-response rate in the cross-sectional study was 7.7%, including children who refused to participate, children absent on the day of the survey, and children whose parents did not sign the informed consent form. Proportions of children between age and school grade groups were nearly equal (range: 24.2--25.9%). As the school year in Vietnam begins in September, there was a small difference between the age group and grade proportions; children of ages 12, 13, 14, and 15 generally studied in grades 6, 7, 8, and 9, respectively. [Table 1](#T0001){ref-type="table"} shows the prevalence and 95% confidence interval (CI) of myopia among secondary school children according to various factors. The prevalence of myopia among secondary school children was 14.2% (95% CI: 12.7--15.7%) and tended to increase with age, excepting the 16 years old age group, and grade, from 10.5% in grade six to 17.7% in grade nine. Myopia prevalence in girls was significantly higher than in boys (16.7% in girls vs 11.7% in boys, p \< 0.01). The adjusted odds ratio (OR) and 95% CI for myopia (adjusted for sex) of children in higher grades as compared with children in grade six are shown in [Figure 1](#F0001){ref-type="fig"}. The odds of myopia were higher among the children in grades eight (OR = 1.7, 95% CI = 1.2--2.5) and nine (OR = 1.8, 95% CI = 1.2--2.6) as compared those among children in grade six.Table 1Prevalence and 95% Confidence Intervals of Myopia Among Secondary School Children According to Various Factorsn (%)MyopiaN% (95% CI)p-valueOverall198728214.2 (12.7--15.7)NAAge (years) 12487 (24.5)5310.9 (8.4--14.0)\<0.01 13514 (25.8)5911.5 (9.0--14.5) 14486 (24.5)8216.9 (13.8--20.5) 15481 (24.2)8617.9 (14.7--21.6) 1619 (1.0)210.5 (2.5--34.7)Sex Female987 (49.7)16516.7 (14.5--19.2)\<0.01 Male1000 (50.3)11711.7 (9.8--13.8)Grade 6514 (25.9)5410.5 (8.1--13.5)\<0.01 7507 (25.5)6011.8 (9.3--15.0) 8485 (24.4)8317.1 (14.0--20.7) 9481 (24.2)8517.7 (14.5--21.3)[^1] Figure 1Adjusted odds ratio (OR) and 95% confidence intervals (CI) for myopia (adjusted for sex) of children in higher grades as compared with the children in grade six (logistic regression analysis); Ref.: reference group.

Of the 1987 children examined, 83 (4.2%) had presenting visual acuity worse than 6/12 in the better eye, of whom 94% (78 of 83 children) were myopic. The total of children with presenting visual acuity of 6/12 or worse in the better eye was 124, of which 90.3% (112 of 124 children) were myopic (data not shown). Similarly, 307 children (15.5%) had uncorrected visual acuity of 6/12 or worse in one or both eyes; these were then referred to examination for refraction diagnosis (data not shown). [Table 2](#T0002){ref-type="table"} summarizes presenting visual acuity in the better eye among myopic and total study children as well as the distribution of children by myopia category among myopic children. The proportion of moderate and severe visual impairment was 19.2% among myopic children and 2.8% among total study children. [Table 2](#T0002){ref-type="table"} also indicates the distribution of myopia levels among myopic children. The majority of children had low myopia (93.6%), whereas 6.4% of children presented with high myopia. A treatment gap of myopic children was observed, summary data of which is shown in [Table 3](#T0003){ref-type="table"}. A total of 142 children (50.4% of myopic children) required myopia correction.Table 2Presenting Visual Acuity and Myopia Categories Among Myopic and Total Study ChildrenCategoryMyopic Children (n=282) N (%)All Children (n=1987) N (%)Vision category (distance presenting visual acuity in the better eye) Normal (6/6-6/12)204 (72.3)1904 (95.8) Mild visual impairment (\<6/12-6/18)24 (8.5)28 (1.4) Moderate visual impairment (\<6/18-6/60)49 (17.4)50 (2.5) Severe visual impairment (\<6/60)5 (1.8)5 (0.3)Myopia category Low (−0.5 D to \<-5.0 D)264 (93.6)NA High (≤ −5.0 D)18 (6.4)NA Table 3Summary of Treatment Gap for Myopic ChildrenMyopic Children (n=282) N (%)Myopic children without spectacles125 (44.3)Myopic children wearing under-corrected spectacles17 (6.0)Total myopic children in need of corrected spectacles142 (50.4)

Summary characteristics of secondary school children in case (myopic children) and matched control (non-myopic children) groups are shown in [Table 4](#T0004){ref-type="table"}. Case and control were matched exactly one-for-one by sex and grade. Hours spent per week performing various activities in case and matched control groups are shown in [Table 5](#T0005){ref-type="table"}. Myopic children spent significantly more time indoors at home than did non-myopic children (p \< 0.01). Specifically, myopic children spent more time reading and studying at home (p = 0.01), and less time watching television (p = 0.01), than did non-myopic children. Non-myopic children spent more total hours outdoors (p \< 0.01) and more hours performing outdoor sports activities (p = 0.01) than did myopic children.Table 4Characteristics of Secondary School Children in Case and Matched Control Groups in the StudyCase (n=265)Control (265)n (%)Sex Female108 (40.8)108 (40.8) Male157 (59.3)157 (59.3)Grade (age) 6 (12 years old)54 (20.4)54 (20.4) 7 (13 years old)53 (20.0)53 (20.0) 8 (14 years old)80 (30.2)80 (30.2) 9 (15 years old)78 (29.4)78 (29.4)[^2] Table 5Summary of Hours Spent per Week Among in Case and Matched Control Secondary School Children GroupsActivities (Hours per Week)Case (n=265)Control (265)p-valueMean (SD)Sleeping61.7 (6.5)61.7 (6.1)0.95Indoors at home61.1 (8.1)58.7 (7.9)\<0.01 Reading or studying21.1 (9.1)19.2 (8.4)0.01 Using computer10.6 (7.6)10.3 (8.1)0.70 Watching television6.9 (5.7)8.2 (6.8)0.01Outdoors12.1 (4.6)14.1 (5.8)\<0.01 Sports activity8.9 (4.4)9.9 (5.1)0.01[^3]

The results of univariate and multivariate logistic regression analyses regarding myopia and potential associated factors are shown in [Table 6](#T0006){ref-type="table"}. Higher myopia prevalence was associated with having a mother with a college/university education (OR = 2.5, 95% CI = 1.2--5.3), parents who wore spectacles (OR = 2.0, 95% CI = 1.1--3.8), distance from near work less than 30 cm (OR = 5.2, 95% CI = 3.5--7.9), and no taking breaks after 30 minutes of continued reading (OR = 1.6, 95% CI = 1.1--2.5) were identified. However, there were inverse associations with myopia for children belonging to the wealthiest households (OR = 0.2, 95% CI = 0.1--0.5) and time spent performing outdoor activity (OR = 0.6, 95% CI = 0.4--0.9).Table 6Myopia and Associated Factors: Univariate and Multivariate Logistic Regression AnalysesCase (n=265) N (%)Control (265) N (%)Univariate OR (95% CI)Adjusted OR (95% CI)Mother's education Primary school or less43 (16.2)52 (19.6)11 Secondary school86 (32.5)88 (33.2)1.2 (0.7--2.0)1.4 (0.8--2.6) High school57 (21.5)57 (21.5)1.2 (0.7--2.1)1.4 (0.7--2.7) College/university79 (29.8)68 (25.7)1.4 (0.8--2.4)2.5\*\*(1.2--5.3)Socioeconomic status (quintile) Poorest65 (24.3)54 (20.4)11 Poor41 (15.5)52 (19.6)0.7 (0.4--1.1)0.6 (0.3--1.2) Middle53 (20.0)53 (20.0)0.8 (0.5--1.4)0.6 (0.4--1.2) Rich80 (30.2)53 (20.0)1.3 (0.8--2.1)0.9 (0.5--1.7) Richest26 (9.8)53 (20.0)0.4\*\* (0.2--0.7)0.2\*\*\* (0.1--0.5)Either parent wearing spectacles No227 (85.7)243 (91.7)11 Yes38 (14.3)22 (8.3)1.8\* (1.1--3.2)2.0\* (1.1--3.8)No. of hours per week reading or studying indoors \<21 hours133 (50.2)160 (60.4)11 ≥21 hours132 (49.8)105 (39.6)1.5\*\* (1.1--2.1)1.4 (0.9--2.0)No. of hours per week using computers \<7 hours92 (34.7)109 (41.1)11 ≥7 hours173 (65.3)156 (58.9)1.3 (0.9--1.9)1.4 (0.9--2.1)No. of hours per week watching television \<7 hours147 (55.5)138 (52.1)11 ≥7 hours118 (44.5)127 (47.9)0.9 (0.6--1.2)0.8 (0.6--1.2)No. of hours per week outdoor activities \<14 hours178 (67.2)142 (53.6)11 ≥14 hours87 (32.8)123 (46.4)0.6\* (0.4--0.8)0.6\*\*\* (0.4--0.9)Distance from near work (cm) ≥30 cm111 (41.9)206 (77.7)11 \< 30 cm154 (58.1)59 (22.3)4.8\*\*\* (3.3--7.1)5.2\*\*\* (3.5--7.9)Takes breaks after 30 minutes of continuous reading Yes162 (61.1)187 (70.6)11 No103 (38.9)78 (29.4)1.5\* (1.1--2.2)1.6\* (1.1--2.5)[^4]

The predicted probability of the presence of myopia and the marginal effect of hours per week spent performing outdoor activities, adjusted for the mother's education level, history of parental myopia, number of hours per week reading or studying, using computers, and watching television, are shown in [Figure 2](#F0002){ref-type="fig"}. The probability of developing myopia tended to decrease as the number of hours per week spent performing outdoor activities increased. The probability of developing myopia decreased to 50% if the children played outdoors 14 hours per week (two hours per day) and to 40% if the children played outdoors 21 hours per week (three hours per day).Figure 2Predicted probability of myopia and marginal effect of hours per week of children spending on outdoor activities (adjusted for mother's educational attainment, history of parental myopia, number of hours per week reading or studying, using computer, and watching television).

Discussion {#S0004}
==========

This study was conducted in a rural area that is rapidly urbanizing. We found that a considerable prevalence of secondary school children suffered from myopia, and that prevalence increased with school grade level. A shorter near work distance and taking fewer breaks while reading was associated with increased myopia, whereas increased time spent outdoors was associated with decreased myopia. This study provides evidence about the status of myopia in rural areas that are undergoing rapid urbanization and confirms the existence of factors that are associated with myopia, and may thus provide direction with regards to appropriate policies for prevention of school-age myopia in Vietnam.

A recent study concerning eye health was conducted by the Mekong Development Research Institute with the support of The Fred Hollows Foundation,[@CIT0015] in which the study team focused on refractive error but did not report specifically about myopia. Moreover, as that study measured visual acuity of children without cycloplegia, the accuracy of refractive error prevalence may be limited.[@CIT0015] In the current study, we measured visual acuity after cycloplegia, thus ensuring myopia prevalence estimation accuracy. In our study, the average myopia prevalence was estimated to be 14.2%, which is lower than the average prevalence of myopic in both rural and urban areas in a study conducted by Paudel et al in Ba Ria-Vung Tau, Vietnam (20.2%).[@CIT0018] When only rural areas are considered; however, prevalence of myopia in that study (16.3%) was slightly higher than that of our study.[@CIT0018] Previous studies conducted in China,[@CIT0023]--[@CIT0029] South Korea,[@CIT0030] Indonesia,[@CIT0031] Australia,[@CIT0032] France,[@CIT0033] and the USA[@CIT0034] reported higher prevalence of myopia, while studies conducted in India,[@CIT0035] Saudi Arabia,[@CIT0036]--[@CIT0038] Brazil,[@CIT0039] and Paraguay[@CIT0040] reported lower prevalence than that reported presently. These differences may occur due to differences in subject ages, cut-off thresholds for myopia diagnosis, or methods of measurement (cycloplegia or non-cycloplegia). Within countries, the prevalence of myopia may also vary between different areas.[@CIT0041] In the present study, we conducted only research in a rural area, and our results may be lower than those of studies conducted in urban areas.

We reported that prevalence increased with school grade level, and that differences in prevalence were small between grades six and seven (10.5% vs 11.8%), but increased with grade level in each comparison group (17.1% and 17.7% in grades eight and nine, respectively). Increasing pressure for achieving high educational attainment may increase the prevalence of myopia in children. In the secondary school system in Vietnam, grades eight and nine are considered upper-level grades, after which students are required to pass an exam to advance to high school. An associated increase in studying time likely explains why the prevalence of myopia sharply increased in the higher two grades. This result is similar to those of other studies, which reported that the likelihood of myopia increased with age (or school grade).[@CIT0018],[@CIT0023],[@CIT0024],[@CIT0028],[@CIT0035],[@CIT0036],[@CIT0039],[@CIT0041] As such, developing reasonable and appropriate learning plans that include an emphasis on eye health may be a good solution to prevent school-age myopia and should be considered by education policymakers.

Our study showed that 4.2% of children had presenting visual acuity worse than 6/12 in the better eye, and, if including children with presenting visual acuity of 6/12, it reached to 6.2%. This result is lower than that of studies in India and Ba Ria-Vung Tau, Vietnam.[@CIT0018],[@CIT0035],[@CIT0042] That the proportion of presenting visual acuity was relatively low in our study might be because our study was conducted in a rural area, whereas previous studies were conducted in urban areas or included urban areas. In our study, we found that the prevalence of untreated myopia was about 50.4% of all myopia cases. Importantly, this large percentage of children who did not wear spectacles among untreated myopic children showed that these children had not been previously diagnosed with myopia. Given the results of recent studies in Vietnam,[@CIT0015],[@CIT0018] the use of school staff for myopia screening may also be a good solution for the early detection of vision impairment among school children. Children suspected of suffering from myopia should be referred to hospitals for corrected myopia. Currently, providing spectacles were not reimbursed by the social health insurance in Vietnam. The uncorrected or under-corrected myopia will be reduced if the policy of social health insurance is changed.

We found that the prevalence of myopia was higher in girls than in boys, a result that was also noted in studies in China,[@CIT0023]--[@CIT0025],[@CIT0028] India,[@CIT0035] and Saudi Arabia.[@CIT0036],[@CIT0037] In the study in Ba Ria-Vung Tau of Vietnam, Paudel et al also reported increased prevalence in girls as compared to boys.[@CIT0018] However, those authors did not report differences in terms of gender after multivariate regression analysis, although, to explain this gender difference, suggested that girls experienced more risk factors for the development of myopia than did boys, such as spending more time indoors reading and less time outdoors.[@CIT0018] According to observations and exchanges with teachers at the study schools, we also noted that girls tended to study harder and participate less in outdoor activities than did boys, which may explain the difference we observed.

Along with myopia status, an understanding of factors associated with the condition is also important. We found that time spent outdoors was significantly less in myopic children than in non-myopic children. Although a slight difference in average time was observed, these results are similar to those observed in Ba Ria-Vung Tau, Vietnam,[@CIT0018] Australia,[@CIT0043] China,[@CIT0023],[@CIT0044] and Brazil.[@CIT0045] Moreover, we performed marginal analysis to determine the relationship between time spent outdoors and myopia. To avoid confounding factors, we adjusted for mother's educational attainment, a history of parental myopia, and the number of hours per week spent reading or studying, using a computer, and watching television. We found that as the amount of time spent outdoors increases, the likelihood of myopia decreases significantly, such that if children spent two hours a day or more (equivalent to 14 hours per week or more), the possibility of developing myopia was 50% or less, and that if children spent three hours a day or more (equivalent to 21 hours per week or more), the possibility of developing myopia was reduced to 40% or less. Given that time spent studying and recreating requires a certain balance, spending two hours or more outdoors daily may be an appropriate recommendation for secondary school children. In a systematic review and meta-analysis conducted by Sherwin et al, it was suggested that an additional hour of time spent outdoors per week could reduce by 2% the odds of myopia.[@CIT0013]

The mechanism for outdoor time with respect to myopia protection is currently unknown, and more studies are needed. However, there was a hypothesis about light received outdoors relating to the release of dopamine in the retina. The dopamine could make the suppression of axial elongation that helped to prevent the development of myopia.[@CIT0046] In addition, given that time spent performing outdoor activities is related to waking time spent indoors,[@CIT0013] increasing outdoor activity time will reduce indoor activity time. The results of our study showed that myopic children spent less time performing outdoor activities, and more time performing indoor activities than did non-myopic children. While our study was conducted in a rural area, current socioeconomic and urbanization changes in Vietnam may induce children to spend less time participating in outdoor activities. Thus, an emphasis on student participation in outdoor activities can be considered an appropriate goal for myopia prevention and one that should be considered by health care policymakers.

Several studies have reported associations between myopia and time spent on near work or studying.[@CIT0024],[@CIT0032],[@CIT0035] However, in our study, we only found a significant association between myopia and time spent on reading or studying indoors (\<21 hours vs ≥21 hours per week) in a univariate analysis; this association disappeared in the multivariable regression analysis. Our findings may differ from those of previous studies due to the use of different time period classification cut-off points regarding time spent on near work or studying. In a systematic review and meta-analysis, Huang et al indicated that several studies showed that near-work activities did not associate with an increase in the prevalence of myopia.[@CIT0014] Even so, near work activities should be observed and appropriate interventions implemented in order to reduce negative impacts with regards to the prevalence of myopia in children.

The factors of distance from near work and taking breaks after continuous reading can be altered by students. In our study, we found that a distance from near work of less than 30 cm and not taking breaks after 30 minutes of continuous reading were associated with increased myopia. This finding was consistent with those of studies from China[@CIT0025],[@CIT0047] and Australia.[@CIT0032] We also found that either parents' wearing of spectacles was associated with student myopia. In addition, children whose mothers had a college/university degree were more likely to develop myopia than children whose mothers had a primary school education or lower. Thus, in addition to genetic factors, it is likely that children with more highly educated mothers may be pressured to study more than are children with less highly educated mothers. Interestingly, we found an inverse association between myopia status and socioeconomic status. This result differed from that of the study in India, in which Saxena et al found that the prevalence of myopia was higher in children with higher socioeconomic status than in children with lower socioeconomic status.[@CIT0035] This could be explained by differing propensities towards eye health protection, although a larger sample size would be needed to understand this relationship.

There are several potential limitations to this study. As this study was conducted using a school-based approach, the estimated prevalence of myopia may be underestimated due to lack of knowledge regarding children who do not currently attend or have never attended school. Although non-response rates in this study were low, school participation rates by potential students may affect the estimation of the prevalence of myopia. Furthermore, children with prior knowledge of their own myopia or children with insecurities regarding their vision may not have participated. In addition, parental apprehensions regarding cycloplegic refraction may affect study participation rates. We also did not perform cycloplegic autorefraction on children with normal vision (\>6/12), something that may have resulted in an underestimation of myopia prevalence. While the choice of class as a clustering factor is considered optimal in terms of conducting a study in schools, and has been adjusted for by the design effect, there exists a possibility that the selected classes might not represent all classes in the study area. Finally, recall bias may also influence the results of the study, as children may inaccurately recall and estimate time spent per activity in a typical week day or weekend.

Conclusion {#S0005}
==========

Our study showed that the prevalence of myopia is considerable among secondary school children in rural areas of Vietnam. Moreover, the prevalence of myopia increased in higher grade levels, especially in grades eight and nine. The distance from near work and the taking of breaks after continuous reading can be altered to reduce the risk of myopia in children. In addition, increased outdoor activity was noted as a protective environmental factor against myopia in secondary school children. We recommend that future longitudinal studies focus specifically on the protective effects of outdoor activities on children to identify appropriate time thresholds for each age group of children.
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[^1]: **Abbreviations:** CI, confidence interval; NA, not applicable.

[^2]: **Notes:** Case: myopic children; control: non-myopic children.

[^3]: **Notes:** Case: myopic children; control: non-myopic children.

[^4]: **Notes:** \*\<0.05, \*\*\<0.01, \*\*\*\<0.001; case: myopic children; control: non-myopic children.

    **Abbreviation:** CI, confidence interval.
